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Figure 1 . GAC Adsorption Isotherm for Trichloroethylene (TCE) 

Matthew L McCullough 
Method for Achieving Ultra-Low Emission Limits in VOC/HAP/TAC Control 
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Figure 3. Adsorption Breakthrough R suits - GAC Adsorption Bed at 
Ultra-Low Concentrations Op rating in Humid Air Stream 

Matth w L. McCullough 

M thod for Achieving Ultra-Low Emission Limits for VOC/HAP/TAC 

Control 
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Figure 4: Moisture Uptak f r Variou Ads rbents 
Inv ntor: Matthew L. McCuil ugh 
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Figure 7. TCE Adsorpti n Isotherm for Dow x Optipore V503 
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Figure 8. Ultra-Low Concentration Study Results 
Matthew L. McCullough 
Method for Achieving Ultra-Low Emission limits for VOC/HAP/TAC Control 


Sample Name 


Comment 


Result 
(ppbv) 


RAWV493-1D 


First sample of raw V493 resin in a 
fixed-head space 100 ml vial. 


Various alcohols and esters. 


RAW V493-2D 


Second (confirming) sample of 
raw V493 resin in a fixed-head 
space 100 ml viaL 


Various alcohols and esters 
identical to first sample. 


CLEAN V493-1D 


First sample of clean V493 resin 
not exposed to VOCs in a fixed- 
head space 100 ml vial. 


ND for all compounds - flat 
chromatogram. 


CLEAN V493-2D 


Confirming sample of clean V493 
resin not exposed to VOCs in a 
fixed-head space 100 ml vial. 


ND for all compounds - flat 
chromatogram. 


DIRTY V493-1D 


First sample of V493 resin 
exposed to VOCs in a fixed-head i 
space 100 ml vial. 


-22,000 ppbv TCE 
800 ppbvc-l,2-DCE 
700 ppbv PCE 
270 1,1-DCE 


DIRTY V493-2D 


Second (confirming) sample of 
XUR resin exposed to VOCs in a 
fixed-head space 100 ml vial. 


-15,900 ppbv TCE 
260 ppbvc-l^-DCE 
240 ppbv PCE 


DESORB V493-0.0 MIN 


Desorprion of V493 resin at 
design temperature and air flow — 
initial sample. 


7,400 ppbv TCE 
100 ppbv c-l,2-DCE 
65 ppbv PCE 


DESORB V493-1.0 MIN 


Desorption of V493 resin at 
design temperature and air flow — 
sample after 1 minute. 


4,000 ppbv TCE 


DESORB V493-3.0 MIN 


Desorption of V493 resin at 
design temperature and air flow — 
sample after 3 minutes. 


1,200 ppbv TCE 


DESORB V493-5.0 MIN 


Desorption of V493 resin at 
design temperature and air flow — 
sample after 5 minutes. 


430 ppbv TCE 


DESORB V493-22 MIN 


Desorption of V493 resin at 
design temperature and air flow - 
sample after 22 minutes. 


56 ppbv TCE 


DESORB V493-45 MIN 


Desorption of V493 resin at 
design temperature and air flow - 
sample after 45 minutes. 


ND for all compounds. 


DESORB V493-60 MIN 


Desorption of V493 resin at 
design temperature and air flow - 
sample after 60 minutes. 


ND for all compounds. 


DESORB V493-60MIN (FHS) 


Fixed head space of sample of 
desorbed V493 resin at design 
temperature after 60 minutes of 
desorption. 


ND for all compounds — flat 
chromatogram. 


DESORB V493-100 MIN (FHS) 


Fixed head space of sample of 
desorbed V493 resin at design 
temperature after 100 minutes of 
desorption. 


ND for all compounds — flat 
chromatogram. 



Figure 8. Ultra-Low Concentration Study Results 
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Sample Name 


Comment 


Result 
(ppbv) 


DIRTY V493-1D (SECOND 
CYCLE) 


First sample of V493 resin after 2 
desorption cycles and one 
adsorption cycle in a fixed-head 
space 100 ml vial. 


11 ,200 ppbv TCE 
230 ppbvc-l,2-DCE 
220 ppbv PCE 


AIR STRIPPER EXHAUST 


Test bed influent. 


145 ppbv TCE 


AIR STRIPPER EXHAUST 


Test bed influent - confirming 
sample. 


130 ppbv TCE 


C22 REGEN EFFLUENT MIX 1 
Desorption Time = 20 Minutes 


Effluent from 22 nd regeneration 
cycle - confirmation of clean 
resin. 


ND for all compounds - flat 
chromatogram. 


C22 REGEN EFFLUENT MIX 2 
Desorption Time = 30 Minutes 


Effluent from 22 nd regeneration 
cycle — confirmation of clean 
resin. 


ND for all compounds - flat 
chromatogram. 


C22 REGEN EFFLUENT MIX 3 
Desorption Time = 45 Minutes 


Effluent from 22 nd regeneration 
cycle - confirmation of clean 
resin. 


ND for all compounds — flat 
chromatogram. 


C23 REGEN HEADSPACE 
Desopruon Time = 45 Minutes 


Fixed-headspace of 22 nd 
regeneration cycle resin. This 

O J 

provides a worst-case analysis of 
whether the resin has been 
completely cleaned. 


10 ppbv c-l,2-DCE. Resin has a 
slight residual of VOCs. 


C23 BED 2 @ 25 MINUTES 


Adsorption bed 2 (in series) 
effluent after 25 minutes of 
operation 


ND for all compounds — flat 
chromatogram. 


C23 BED 1 12:30 
Adsorption time = 30 Minutes 


Adsorption bed 1 effluent after 0.5 
hours of operation 


ND for all compounds — flat 
chromatogram. 


C23 BED 1 12:45 
Adsorption time = 45 Minutes 


Adsorption bed 1 effluent after 
0.75 hours of operation 


ND for all compounds - flat 
chromatogram. 


C23 BED 1 13:30 
Adsorption time = 90 Minutes 


Adsorption bed 1 effluent after 1.5 
hours of operation 


ND for all compounds - flat 
chromatogram. 


C23 BED 1 14:00 

Adsorption time =120 Minutes 


Adsorption bed 1 effluent after 2 
hours of operation 


ND for all compounds - flat 
chromatogram. 



Figure 9. Desorption Effluent TCE Concentration versus Time 

Matthew L. McCullough 
Method for Achieving Ultra-Low Emission Limits for VOC/HAP/TAC Control 
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Figure 10. Resin Adsorption Capacity v r Multiple Cycl 
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Figure 11. Unspecified Polymeric Resin Performance for Repeated 
Regneration Cycles (from Y. Cohen, 1998) 

Matthew L. McCullough 

Method for Achieving Ultra-Low Emission Limits for VOC/HAP/TAC Control 



c £ 

& *"* CL 

« ^ o 
2 £ = 

$ o o 

fi CL P> 

538 
9 5 



1.04 
1.03 
1.02 
1.01 



1 ♦ 



0.99 
0.98 
0.97 
0.96 



10 



— i — 
20 



T~ 



— r 



30 40 50 

Regeneration Cycle 



60 



70 



80 



i 



o 




Q 

CL 
Q 
< 



o 

Q 
LJ 

M 

< 
LU 

UJ 

o 



o 

u. 



UJ 
LJ 

O 
CD 

LxJ x 

(T 0 
UJ 

CL 2 



uj w 

ok 



o 

CO 
CO 

UJ 



o 

I 

I 

< 



O 
01 



o 



UJ r _ 

x 6 

o o 
< 

o 



CL 
Q < 
O 




l-0» KM &Od£HS 



1-012 xxa oa^xs 




.V~.V JQ-S 



JOr-A J-.l JDr.\ .©-.! 



UJ o 



□ 

>- 

<E 
_J 

u 

N 



<r 

Ld 
U 

I— 

_d 
□ 

>_ 

d 

d 

J 
J 



□ 

GO 



□ 

I 1 



Ld 

> 
□ 



u 



□ 



o<3 

Q_ 



□ ID I 

^ Z □ 

H 1 □ 

□ f 

- Lu > 

> 9f 

I □ J 
I— I x 

<c u 5 
^" X > 




I 



3 



Ul 



□ 
U 

Q_ 

(=1 

<r 



a 
>- 
<r 
-j 

pi 
u 

M 
» — i 

<: 

2 
jJ 
3 



Z. 
xJ 



3 
3 
3 



1 

□ 



□ 

o 

u 
<r 

\ 
Q_ 
<C 
X 

\ 
u 
□ 

> 

□ 



I— 



□ 

00 



> 

a 

<: 



j x 

j a tr* 
: > 
: -j u 

J 3 t=! 
CJ X 

x □ 




Hi. 



lit 69 ' 

A, 



ISi 



Mi 



6* 



< UJ 



□ 
u 



CL 

< 



<r 
u 

M 

—J 

<z 

.J 
2 

-d 

3 



7 
J 

J 

H 



—J 

a 



a 

u 

a 
<: 
i— 
\ 

CL 
<Z 
X 

X 

u 
□ 

> 

a 

CO 



□ 

i — » 

I— » 

s: 
s: 
u 

> 
a 

< 



J X 

j a ^ 
: _j u 

u y 

>^ 

U « 
X □ 
h- X 
\— H- 
<£ U 




— 



A 



















u 












pq 






ID 


□ 




a: 


cu 




u 






CO 



n 
u 

M 



u 



u 

ID 



LJ 



□ 

pq 



□ 

00 



□ 

00 



Ld 

> 
□ 



(=1 

u 



ID LD 



° □ 
Ld (=1 

l_L_ 



_] > 
Ld 



u 



CJ 

u 



i — i <c 

L I 



_d 

> 
Ld 



CJ 
<C 

□ 

□ 



<E Ld 



□ 



□ 
U 

<c 



CL 
<E 



CJ 
□ 

> 




hIGUKE 18. PREFERRED EMBODIMENT GENERALIZED 
LAYOUT AND P&ID (CONTINUED) 
MATTHEW L McCULLOUGH 

METHOD FOR ACHIEVING ULTRALOW EMMISION LIMITS 



FOR VOC/HAP/TAC CONTROL 




P2] 



20\£F WW STD. STEEL KMC BLMD FLANGE 
CLASS 6 (to PSO ■vgjTrPFC BORES 



STEEL KMC FUME CLASS B (B6 PS5) 
SEN. GROOVE * WITHOUT 22" * GROOVE 
1HB ORG. 

SID. STEEL RMG FUNGE CUSS B (W PS) 
WITHOUT ZSr • SEAL GROOVE OR 22* # GROOVE 
(1YP. IB PLACES) 

20 s AMU STD. STEEL RMQ FUNGE CUSS 8 (96 PSQ 
WITH ZJfc" • SEAL GROOVE * 22" • GROOVE 
(ftp. 20 PUCES O PERFORATED PLATES U OA.) 
SEE DEM. IMS DWG. 



GUS SET PLA TES V TKK. 10 
SEE SECTION D-D 1KB DUO. 



REffD. EQ. SPACED 



4" SCR 405 PIPE (TYP.) 
Jj^ljjyr SO FUNGE 



20" FF AMA STD. STEEL . . . 
CUSS B (88 PS) W/T PTE BORE 

20* ARM* STD. STEEL RMQ FUNGE CUSS B (SB PS) 
MTH 23|" # SEAL GROOVE * WITHOUT 22* * GROOVE 
SEE OCTAL THS ORG. 

3" SCM. 40S PRC 0^P«) 
r-1S0# RF BLMD FUNGE 
r-tao# RF SO FLANGE 
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